100 and 200 µg/mL is shown to induce DNA fragmentation. Gene expression analysis reveals that P.amarus induces the expression of caspase-3 and inhibits the expression of Bcl-2, which is an antiapoptotic protein. So the present study provides some insights into the possible mechanism by which P.amarus brings about apoptosis and growth inhibition in DLA cells.
Introduction
Apoptosis is the mechanism by which the cells undergo programmed cell death. It is a physiological program characterized by chromatin condensation, membrane blebbing, cell shrinkage, and DNA fragmentation. Caspases are the enzymes that mediate the process of apoptosis. Tumor cells possess an inherent capacity to evade apoptosis as a result of multiple mutations in genes associated with the process of apoptosis. Some of the mutations can disrupt apoptosis, leading to tumor initiation and progression. 1 It is now well documented that most of the cytotoxic anticancer agents induce cell death via apoptosis, and defects in the apoptotic cascade lead to treatment failure and drug resistance. 2, 3 Recently, there has been interest in the manipulation of the apoptotic pathways for the prevention and treatment of cancer. 4 Efforts are directed toward the search and identification of novel molecules that can influence the process of apoptosis and toward understanding their mechanism of action. Several plants and plant-derived compounds are potent inducers of apoptosis in various cancer cells of different origins. Some examples include curcumin, 5 resveratrol, 6 genistein, 7 and sulfur compounds. 8 Phyllanthus amarus has been shown to have significant antitumor and anticarcinogenic activity. [9] [10] [11] In the present article, we evaluate the apoptosis-inducing property of P.amarus in tumor cell lines of murine origin and suggest a possible mechanism of action.
Materials and Methods

Cell Lines
Dalton's lymphoma ascites (DLA) cells were originally obtained from the Cancer Institute, Madras, and propagated as transplantable ascites tumors in BALB/c mice. A549, MCF-7, HepG2, HeLA, and SW480 cell lines were obtained from the National Centre for Cell Sciences, Pune, India.
Preparation of P.amarus Extract
The 75% methanolic extract of P.amarus was prepared as described earlier. 12 
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The authors found in an earlier study that Phyllanthus amarus extract could significantly inhibit the solid and ascites tumor development in mice induced by Dalton's lymphoma ascites (DLA) cells. In the present study, the apoptotic effects of P.amarus against DLA cells in culture was evaluated. P.amarus produced significant reduction in cell viability as determined by the MTT assay. It also induces the formation of apoptotic bodies with characteristic features like plasma membrane invagination, elongation, fragmentation, and chromatin condensation. P.amarus at concentrations of
Determination of the Effect of P.amarus on in Vitro Cell Proliferation of Cell Lines (MTT Assay)
Briefly, cells were plated in 96-well plates and treated with different concentrations (1-500 µg/mL) of P.amarus 4 hours before (44th hour) the completion of incubation; 20 µL of MTT (5 mg/mL) was added to each well, and the incubation was continued. After 48 hours, the optical density was measured in an ELISA reader.
Induction of Apoptosis by P.amarus in DLA Cells
Morphological studies. To detect the morphological changes during apoptosis, 5 × 10 6 DLA cells were incubated in Dulbecco's minimum essential medium (DMEM) with 10% fetal calf serum (FCS) at 37°C in the presence of 5% CO 2 for 48 hours. After incubation, the cells were washed twice with phosphate buffered saline and centrifuged, and the cell pellets were smeared on a clean glass slide. The slides were fixed in methanol and stained with hematoxylin-eosin. Apoptosis is characterized by morphological changes such as plasma membrane blebbing, condensation of chromatins, nuclear condensation, and formation of apoptotic bodies. The slides were observed at 100× for the changes, and photographs were taken.
DNA ladder analysis. To detect the changes in DNA damage during apoptosis, 5 × 10 6 DLA cells were incubated in DMEM with 10% FCS at 37°C in the presence of 5% CO 2 for 48 hours. After incubation, the DNA from the cells was isolated by the phenol-chloroform method. Briefly, each tube was centrifuged at 3000 rpm for 5 minutes, and the cell pellet obtained was mixed with 1.0 mL of cell lysis buffer (50 mM Tris, 20 mM EDTA, 2% SDS) for 1 hour at room temperature. The mixture was centrifuged again at 3000 rpm for 5 minutes, and the supernatant was taken into a fresh vial. To this, RNase (20 µg/mL) was added and incubated at 37°C for 2 hours followed by proteinase K (100 µg/mL), and the incubation continued at 50°C for 2 hours. After incubation, equal amount of buffer-saturated phenol was added to each vial and the contents were mixed thoroughly. The mixture was centrifuged at 3000 rpm for 5 minutes, and the aqueous phase was collected into a fresh vial. The aqueous phase was mixed with an equal volume of chloroform/isoamyl alcohol mixture (49:1). The contents were mixed well, and the vials were centrifuged again at 3000 rpm for 5 minutes. The aqueous phase was removed and treated with 2M sodium acetate and 2.5 volume of chilled ethanol, and the vials were kept at −20°C overnight. Next day, the vials were centrifuged at 12 000 rpm for 30 minutes at 4°C. The supernatant was removed, and DNA was spooled out. The DNA was dissolved in TE buffer (10 mM Tris-HCl and 1 mM EDTA, pH 10.0), and electrophoresis of the DNA (at 100 V for 2 hours) was carried out on 1.5% agarose gels and visualized by staining with ethidium bromide.
Gene expression analysis. To analyze the expression of different genes during P.amarus-mediated apoptosis in DLA cells, we used reverse transcription (RT) polymerase chain reaction (PCR) without isolating RNA, as described by Klebe et al, 13 using the Cells-to-cDNA II kit from Ambion Inc, TX. Briefly, DLA cells (1 × 10 5 cells/mL) were incubated in DMEM with 10% FCS at 37°C in the presence of 5% CO 2 overnight. The drug was treated for 4 hours, and the cells were processed for the synthesis of cDNA. The cells were centrifuged, and the supernatant was discarded. The cells were then washed with ice-cold phosphate buffered saline and centrifuged, and the supernatant was discarded. The cDNA was prepared according to the manufacturer's instructions. cDNA was prepared by RT-PCR and was used for the amplification of genes. The housekeeping gene GAPDH was used as an internal standard. PCR primer sequences were as follows: p53forward 5'CGGAGGTCGTGAGACGCTG3'; p53-reverse 3'CACATGTACTTGTAGTG-GATGGTGG5' (product size 205 [base pairs] bp); Bcl-2-forward 5'CAGCTG CACCTGAC GCCCTT3'; Bcl-2-reverse 3'C-CCAGCCTCCGTTATCCT GGA5' (product size 235 bp); Caspase-3-forward 5'GAGCA CTGGAATGTCA TCTCGCTCTG3'; Caspase-3-reverse 3'TACAGGAAGTCAGCCTCCACCGGTATC5' (product size 414 bp); GAPDH (Glyceraldehyde 3 phosphate dehydrogenase)-forward 5'TGCTGGCGC TGAGTACG TCGT3'; GAPDH-reverse 3'GTGGAGGAGTGGGTG TCGCTG5' (product size 557 bp). We subjected 8 µL of the amplified sample to electrophoresis in an agarose gel (1.5%) containing 0.5 µg/mL of ethidium bromide. Images were obtained using a gel documentation system (Vilber Lourmat, France).
Results
Determination of the Effect of P.amarus on in Vitro Proliferation of Cell Lines (MTT Assay)
We found that the treatment of cell lines with P.amarus produced cytotoxicity after 48 hours. The maximum effect was observed in DLA cell lines where treatment with P.amarus at a concentration of 500 µg/mL produced cytotoxicity of 92.3%. The IC50 value was 102.38 ± 1.38 µg/mL. The effects of P. amarus on other cell lines are shown in Table 1 .
Induction of Apoptosis by P.amarus in DLA Cells
Morphological studies. The microscopic examination of DLA cells smeared on a slide and stained by the hematoxylineosin method revealed that the cell death mediated by P.amarus treatment occurred through both necrosis and apoptosis. A concentration more than 200 µg/mL was found to induce necrotic changes. Concentrations between 75 and 200 µg/mL were found to be apoptotic. The morphology of the cells treated with P.amarus is shown in Figure 1 . P.amarus induces the formation of apoptotic bodies with characteristic features like plasma membrane invagination, elongation, fragmentation, and chromatin condensation ( Figure 1B) .
DNA ladder analysis. The DNA fragmentation is a hallmark of apoptosis. The DNA isolated from DLA cells treated with P.amarus showed a ladder-like pattern after electrophoresis on an agarose gel ( Figure 2 ). Lane 1 is the molecular weight marker; lane 2 represents the DNA isolated from untreated DLA cells, which shows a single band. Lane 3 represents the DNA isolated from DLA cells treated with P.amarus 200 µg/mL and presents a ladder-like appearance. Lane 4 denotes the DNA isolated from DLA cells treated with P.amarus 100 µg/mL.
Gene expression analysis.
The gene expression analysis showed that P.amarus also inhibited the expression of Bcl-2, which is an antiapoptotic gene (Figure 3) . Lane 3 represents a band corresponding to 235 bp and indicates the presence of Bcl-2 in DLA cells. No band was obtained from DLA cells treated with P.amarus, indicating that expression of Bcl-2 was downregulated by P.amarus. P.amarus induced the expression of caspase-3 in DLA cells (Figure 4) . Lane 3 represents the band corresponding Figure 1A shows untreated DLA cells after 48 hours. Figure 1B to 414 bp, indicating the presence of caspase-3. The tumor suppressor gene, p53, was found to be lost in DLA cells, and treatment with P.amarus could not induce the expression of p53. Lane 7 represents a band of 205 bp, indicating the positive control. Lane 8 represents GAPDH.
Discussion
Cell death may occur by two different death mechanismsnecrosis and apoptosis. 14 Necrosis is accompanied by inflammation. Apoptosis is usually induced by receptorregulatory signals, such as hormones, cytokines, and growth. Apoptosis occurs by two distinct mechanisms: by the extrinsic pathway and by the mitochondrial or intrinsic pathway, which then converge to a common biological caspase pathway leading to execution of apoptosis. Activation of caspases is regarded as the culminating event in apoptosis induction. Caspase-3 is a well-known downstream effector caspase, which can be proteolytically activated by caspases 8 or 9 via different signaling pathways. Moreover caspase-3 may then cleave vital cellular proteins or activate additional caspases by proteolytic cleavage. 15 In the present study, P.amarus was found to induce the expression of caspase-3 in DLA cells. Caspase-3 is most likely to mediate the P.amarus-mediated apoptosis in DLA cells.
Bcl-2, initially identified in human follicular B-cell lymphoma, was known to block cell death by repressing normal apoptotic pathways and allowing the cells to be sustained with DNA damage. 16 It is now known that antagonizing Bcl-2 function may lead to death in many types of cancer cells. 17 We observed that in DLA cells, Bcl-2 was highly overexpressed. The treatment with P.amarus suppressed the overexpression of Bcl-2 in DLA cells.
The tumor suppressor gene p53 is mutated in more than 50% of human tumors. p53 is the major factor controlling cell proliferation, growth, and transformation. 18 In DLA cells, the gene expression analysis of p53 by RT-PCR revealed that there was a loss of p53 by mutation. The treatment of DLA cells with P.amarus could not induce the expression of p53.
One of the biochemical hallmarks of apoptosis is the internucleosomal degradation of the cellular DNA by an endonuclease, and this results in the appearance of DNA fragments that are multiples of 180 to 200 bp. 19 In the present investigation, P.amarus at a concentration of 100 and 200 µg/mL was shown to induce DNA fragmentation. These results collectively indicate that P.amarus is a potent inducer of apoptosis in DLA cells.
Another species in the genus Phyllanthus namely P.urinaria was found to induce apoptosis in Lewis lung carcinoma cells in a dose-and time-dependent manner. P.urinaria was found to induce the expression of caspase-3 and inhibit the overexpression of Bcl-2. No effect was reported with p53 and Bax expression. Moreover the mechanism of apoptosis via P urinaria is dependent on a mitochondrial-based intrinsic pathway. 20 The results obtained in the present study were similar.
P.amarus has been reported to possess significant antitumor activity against DLA-induced solid tumor in mice. 21 The present study gives more insight into the possible mechanism by which P.amarus produces the tumor reduction.
P.amarus has been shown to contain hydrolysable tannins. Studies have shown that the cytotoxic effect of the hydrolysable tannins on different tumors is mediated through apoptosis. A variety of hydrolysable tannins purified from P.amarus were found to be potent inhibitors of rat liver cyclic AMP-dependent protein kinase. 22 Although the exact mechanism of action of P.amarus is not clear, the combined action of the extract is manifested as a sum total of interactions between different ingredients.
